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Four-Terminal Electr ical  T e s t i n g  Device  
The p r e s e n t  i n v e n t i o n  re la tes  t o  a f o u r - t e r m i n a l  e l e c t r i c a l  c o n n e c t o r  which 
is  u t i l i z e d  i n  c o n n e c t i o n  w i t h  t h e  t e s t i n g  of  t h e  e l e c t r i c a l  r e s i s t a n c e  i n  
t h e  b r i d g e w i r e  23 of NASA S t a n d a r d  I n i t i a t o r  F IG.  I .  
The d e s i g n  s p e c i f i c a t i o n  r e q u i r e s  t h e  r e s i s t a n c e  t o  f a l l  between 0.95 a@d 
1.15 ohms K i t h  t h e  r e s i s t a n c e  n o t  t o  vary more t h a n  0.05 ohms from t h e  hi- 
t i a l  v a l u e  measured p r i o r  t o  i n s t a l l a t i o n  on t h e  s p a c e c r a f t ,  a r e q u i r e m e c t  
t o  i n s u r e  t h a t  no d e g r a d a t i o n  h a s  occurred .  B r i d g e w i r e  measurenents  p r i o r  
t o  i n s t a l l a t i o n  o c c a s i o n a l l y  exceeded t h e  t 0.05 ohm r e q u i r e m e n t  due t o  
v a r i a t i o n s  i n  c o n t a c t  r e s i s t a n c e  between t h e  c o n n e c t o r  and p i n s .  F l i g h t  
q u a l i t y  u n i t s  have been r e j e c t e d  due t o  an u n r e l i a b l e  measurement made e i -  
t h e r  a t  t h e  m a n u f a c t u r e r  o r  a t  t h e  i n s t a l l a t i o n  s i t e .  It was de termined  
t h a t  some of r e j e c t i o n s  were due t o  the  e f f e c t s  of  wear between t h e  p i n s  of 
t h e  EjSI and t h e  2-contac t  c o c n e c t o r  used t o  c o n n e c t  t h e  NSI t c  t h e  I n i t i a t o r  
R e s i s t a n c e  Measuring Equipment. 
The 4-contac t  c o n n e c t o r  40 of t h e  p r e s e n t  i n v e n t i o n  minimizes  t h e  e f f e c t  of  
c o n t a c t  r e s i s t a n c e  i n  t h e  b r i d g e w i r e  measurement t h u s  prcividing a c c u r a t e  
r e a d i n g s  and r e d u c i n g  t h e  number of r e j e c t i o n s  of f l i g h t  q u a l i t y  hardware.  
The d e v i c e  i n c l u d e s  a c o n n e c t o r  s h e l l  12 h a v i n g  B p a i r  c f  e l e c t r i c a l l y  inde-  
pendent  and  s e p a r a t e  forward  s o c k e t  c o n t a c t s  13 ,  14 and a p a i r  of e i e c t r i -  
c a l l y  i n d e p e n d e n t  and s e p a r a t e  r e a r  s o c k e t  c o n t a c t s  15, 16 each  p a i r  of 
s o c k e t  c o n t a c t s  b e i n g  so c o n s t r u c t e d  and a r r a n g e d  so  a s  t o  r e c e i v e  and mate 
w i t h  t h e  p i n s  17 of t h e  i n i t i a t o r  11 t o  b e  t e s t e d .  A l s o ,  i n c l u d e d  i n  t h e  
d e v i c e  a re  s e p a r a t e  and independent  v o l t a g e  s e n s i n g  and c u r r e n t  s u p p l y  c i r -  
c u i t s  30 ,  31 f o r  t h e  s o c k e t  c o n t a c t s ,  t h e  v o l t a g e  s e n s i n g  c i r c u i t  i n c l u d i n g  
t h e  forward  p a i r  of s o c k e t  c o n t a c t s ,  and t h e  c u r r e c t  s u p p l y  c i r c u i t  i n c l u d -  
i n g  t h e  rear p a i r  o f  s a i d  s o c k e t  c o n t a c t s ,  whereby t h e  forward p a i r  of t h e  
s o c k e t  c o n t a c t s  p r o v i d e  c o n t a c t  w i t h  t h e  p i n s  17 of t h e  i n i t i a t o r  t o  p i c k u p  
t h e  r e s i s t a n c e  measur ing  v o l t a g e  wi th  t h e  rear p a i r  cf s o c k e t  c o n t a c t s  
”/ . 
p r o v i d i n g  c o n t a c t  w i t h  t h e  p i t i s  of t h e  i n i t i a t o r  i n  o r d e r  t o  s u p p l y  t h e  re- 
s i s t a n c e  measur ing  c u r r e n t .  The & c o n t a c t  c o n n e c t o r  minimizes  c m t a c t  deg- 
r a d a t i o n  e f f e c t s  t h e r e b y  improving the  r e l i a b i l i t y  of t h e  r e s i s t a n c e  mea- 
surements  of NASA S t a n d a r d  I n i t i a t o r  and r e d u c i n g  the r e j e c t i o n  ra te .  
I n v e n t o r s :  Rober t  L. Robinscn 
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FOUR-TERMINAL ELECTRICAL TESTING D E V I C E  
O r i g i n  o f  t h e  I n v e n t i o n  
The i n v e n t i o n  desc r ibed  h e r e i n  was made by  employee(s) o f  t h e  
U n i t e d  S t a t e s  Government and may be manufactured and used by o r  f o r  
5 t h e  Government o f  t h e  U n i t e d  S t a t e s  o f  America f o r  governmental p u r -  
poses w i t h o u t  t h e  payment o f  any r o y a l t i e s  the reon  o r  t h e r e f o r .  
Background o f  t h e  I n v e n t i o n  
1. F i e l d  o f  t h e  I n v e n t i o n  
A l l  ohmmeters, two- terminal  and f o u r - t e r m i n a l ,  measure r e s i s t a n c e  
10 by d e t e r m i n i n g  t h e  r a t i o  o f  vo l tage  t o  c u r r e n t  d e l i v e r e d  t o  a dev ice.  
I n  a two- te rm ina l  ohmmeter, t h e  v o l t a g e  and c u r r e n t  i n p u t  t o  an 
unknown r e s i s t a n c e  a re  through t h e  same c i r c u i t ,  t h e r e f o r e  any r e s i s -  
t a n c e  i n  t h e  c u r r e n t  supply  c i r c u i t  w i l l  appear as a p a r t  o f  t h e  un- 
known r e s i s t a n c e  because o f  a d d i t i o n a l  v o l t a g e  drop. A f o u r - t e r r n i n a l  
1 5  ohmmeter suppl  i es t h e  vo l tage  and c u r r e n t  t h rough  separate c i r c u i t s .  
T h i s  a l l o w s  t h e  v o l t a g e  t o  be measured d i r e c t l y  a t  t h e  unknown 
r e s i s t a n c e  t h u s  m i n i m i z i n g  the e f f e c t s  o f  r e s i s t a n c e  i n  t h e  c u r r e n t  
s u p p l y  c i r c u i t .  A cons tan t  c u r r e n t  t y p e  power source i s  g e n e r a l l y  
used f o r  t h e  c u r r e n t  supp ly  so t h a t  t h e  magnitude o f  c u r r e n t  remains 
20 cons tan t  w i t h  any changes o f  r e s i s t a n c e  i n  t h e  c i r c u i t .  The v o l t a g e  
measur ing d e v i c e  has a high i n p u t  r e s i s t a n c e  so t h a t  changes i n  
r e s i s t a n c e  of t h e  v o l t a g e  measuring c i r c u i t  cause o n l y  i n s i g n i f i c a n t  
changes i n  t h e  v o l t a g e  reading. 
T h i s  i n v e n t i o n  i s  a specia l  t y p e  e l e c t r i c a l  connector dev i ce  t h a t  
2 5  a l l o w s  t h e  f o u r - t e r m i n a l  concept t o  be used t o  measure t h e  unknown 
2 
P a t e n t  
r e s i s t a n c e  w h i l e  e l i m i n a t i n g  o r  m i n i m i z i n g  any c o n t a c t  r e s i s t a n c e  
e f f e c t s  o f  t h e  connector.  
2. Background A r t  
Among t h e  p r i o r  a r t  pa ten ts  which a re  deemed more o r  l e s s  p e r t i -  
5 nen t  t o  t h e  techno logy  i n v o l v e d  i n  t h e  i n s t a n t  i n v e n t i o n  i s  U.S. 
P a t e n t  No. 3,045,080, which d i s c l o s e s  a dua l  socket,  f o u r  c o n t a c t  
connec to r  d e v i c e  adapted t o  r e c e i v e  a p a i r  o f  dual  c o n t a c t  p i n s .  
However, t h e  t h r u s t  o f  t h i s  pa ten t  i s  t o  f a c i l i t a t e  t h e  manufacture o f  
dev i ces  where two j a c k s ,  switches o r  combinat ions may be made i n  
1 0  tandem i n  a s i n g l e  u n i t .  I n  U.S. Patent  No. 3,108,843, t h e r e  i s  a l s o  
s e t  f o r t h  a dual  socket, f o u r  c o n t a c t  connector  f o r  r e c e i v i n g  two dual  
c o n t a c t  p i n s .  However, t h e  expressed purpose o f  t h e  p a t e n t  i s  t o  
p r o v i d e  a j a c k  which i s  capable c f  accep t ing  a c a b l e  and t o  p r o v i d e  an 
i n s u l a t i o n  f rom t h e  surrounding panel .  U.S. Patent  No. 3,200,355, 
15 s e t s  f o r t h  p l u r a l  conductors  f o r  each i n d i v i d u a l  p i n  o f  a dev i ce .  
However, t h e  conductors  do not c o n t a c t  t h e  p i n s  b u t  mere l y  se rve  as 
p a r t s  o f  an RF f i l t e r  w i t h i n  t h e  connector  i t s e l f .  S p e c i f i c  
p r o v i s i o n s  a re  made t o  i n c o r p o r a t e  i n  an economical f a s h i o n  t h e  RF 
f i l t e r  and c a p a c i t o r  w h i l e  m a i n t a i n i n g  f u n c t i o n a l  r e l i a b i l i t y  o f  t h e  
20 u n i t .  A m u l t i p l e  c o n t a c t  female socke t  f o r  a s i n g l e  c a b l e  i s  s e t  
f o r t h  i n  U.S. P a t e n t  No. 3,278,885. However, i t  i s  n o t  d i s c l o s e d  
whether t h e  c a b l e  i s  o f  the s i n g l e  conductor  t y p e  o r  whether i t  
c o n t a i n s  a conductor  f o r  each c o n t a c t .  Hermet ic  s e a l i n g  i s  t h e  main 
o b j e c t i v e  o f  t h i s  pa ten t .  L a s t l y ,  U.S. Pa ten t  No. 3,772,545 r e l a t e s  
25 t o  a dua l  c o n t a c t  socke t  f o r  a two c o n t a c t  p i n .  The main f e a t u r e  o f  
t h i s  r e f e r e n c e  i s  t h e  i n c o r p o r a t i o n  of  a c a b l e  p l u g  and s i d e  mounted 
c o n t a c t  su r faces  i n  order  t o  a l l o w  i n s t a l l a t i o n  i n  h o s t i l e  
environments w i t h o u t  ex tens i ve  b u i l d u p .  A h e r m e t i c a l  l y  sealed system 
i s  t h e  p r ime  c o n s i d e r a t i o n ,  even though t h e r e  i s  p r o v i d e d  s u r f a c e  
30 c o n t a c t s  t o  e s t a b l i s h  e l e c t r i c a l  c o n t a c t  w i t h  two i n t e r n a l  
conductors ,  
None o f  t h e  p r i o r  a r t  nor any of t h e  above p a t e n t s  d i s c l o s e  a 
connec to r  f o r  two p i n  r e s i s t i v e  dev i ces  t o  p r o v i d e  i nc reased  accuracy 
o f  measurement by u s i n g  a four  w i r e  measurement technique,  no r  do t h e y  
35 teach m i n i m i z i n g  c o n t a c t  r e s i s t a n c e  by measur ing v o l t a g e  drop across 
forward con tac ts .  
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Summary o f  t h e  I n v e n t i o n  
The p r o d u c t i o n  of t h e  NASA Standard I n i t i a t o r ,  a s q u i b  used t o  
s t a r t  p y r o t e c h n i c  even ts  on t h e  Space S h u t t l e  i n v o l v e s  r e s i s t a n c e  
measurement o f  a s t a i n l e s s  s t e e l  b r i d g e w i r e .  The des ign  s p e c i f i c a t i o n  
5 r e q u i r e s  t h e  r e s i s t a n c e  t o  f a l l  between 0.95 and 1.15 ohms. The 
r e s i s t a n c e  i s  n o t  t o  v a r y  more than  0.05 ohms f r o m  t h e  i n i t i a l  v a l u e  
measured p r i o r  t o  i n s t a l l a t i o n  on t h e  spacec ra f t ,  a requ i remen t  t o  
i n s u r e  t h a t  no degrada t ion  has occurred. B r i d g e w i r e  measurements 
p r i o r  t o  i n s t a l l a t i o n  o c c a s i o n a l l y  exceed t h e  + 0.05 ohm requ i remen t  
10 due t o  v a r i a t i o n s  i n  c o n t a c t  r e s i s t a n c e  between t h e  connector  and 
p i n s .  F l i g h t  q u a l i t y  u n i t s  have been r e j e c t e d  due t o  an u n r e l i a b l e  
measurement made e i t h e r  a t  the manufacturer o r  a t  t h e  i n s t a l l a t i o n  
s i t e .  The 4 - c o n t a c t  connector o f  t h e  p resen t  i n v e n t i o n  n i n i m i z e s  t h e  
e f f e c t  of c o n t a c t  r e s i s t a n c e  i n  t h e  b r i d g e w i r e  measurement t h u s  
1 5  p r o v i d i n g  accu ra te  read ings  and r e d u c i n g  t h e  number o f  r e j e c t i o n s  o f  
f l i g h t  q u a l i t y  hardware. 
Thus t h e  i n v e n t i o n  h e r e i n  r e l a t e s  t o  a f o u r - t e r m i n a l  e l e c t r i c a l  
connec to r  d e v i c e  f o r  t e s t i n g  and measur ing unknown r e s i s t a n c e s  o f  
i n i t a t o r s  used f o r  s t a r t i n g  p y r o t e c h n i c  events  aboard t h e  Space 
20 S h u t t l e  and which m in im izes  c o n t a c t  r e s i s t a n c e  degrada t ion  e f f e c t s  
t h e r e b y  improv ing  t h e  r e l i a b i l i t y  o f  r e s i s t a n c e  measurements taken  
w i t h  t h e  dev ice.  The dev i ce  i n c l u d e s  a connector  s h e l l  hav ing  a p a i r  
of e l e c t r i c a l l y  independent and separate f o r w a r d  socket  con tac ts ,  and 
a p a i r  of e l e c t r i c a l l y  independent and separa te  r e a r  socke t  con tac ts ,  
25  each p a i r  of socket  c o n t a c t s  be ing  so c o n s t r u c t e d  and arranged so as 
t o  r e c e i v e  and mate w i t h  the p i n s  o f  t h e  i n i t i a t o r  t o  be t e s t e d .  
Also, i n c l u d e d  i n  t h e  device a r e  separa te  and independent v o l t a g e  
sens ing  and c u r r e n t  supp ly  c i r c u i t s  f o r  t h e  socket  con tac ts ,  t h e  
v o l t a g e  sensing c i r c u i t  i n c l u d i n g  t h e  forward p a i r  of socke t  c o n t a c t s ,  
30 and t h e  c u r r e n t  supp ly  c i r c u i t  i n c l u d i n g  t h e  r e a r  p a i r  o f  s a i d  socket  
con tac ts ,  whereby t h e  forward p a i r  o f  s a i d  socke t  c o n t a c t s  p r o v i d e  
c o n t a c t  w i t h  t h e  p i n s  o f  t h e  i n i t i a t o r  t o  p i c k u p  t h e  r e s i s t a n c e  
measur ing v o l t a g e  whereas t h e  r e a r  p a i r  o f  s a i d  socke t  c o n t a c t s  
p r o v i d e  c o n t a c t  w i t h  t h e  p i n s  o f  t h e  i n i t i a t o r  i n  o r d e r  t o  supp ly  t h e  
O the r  advantages o f  t h i s  i n v e n t i o n  w i l l  be apparent f r o m  t h e  
d e s c r i p t i o n  which f o l l o w s  i n  c o n j u n c t i o n  w i t h  t h e  accornpanyinq 
drawings and c l  aims. 
- 
35 r e s i s t a n c e  measur ing c u r r e n t .  
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B r i e f  D e s c r i p t i o n  o f  t h e  Drawings 
an i n i t i a t o r  d e v i c e  hav ing  an unknown r e s i s t a n c e  t o  be measured. 
FIG. 1 i s  a p i c t o r i a l  r e p r e s e n t a t i o n  p a r t l y  i n  c r o s s - s e c t i o n  o f  
F I G .  2 i s  p i c t o r i a l  r e p r e s e n t a t i o n  p a r t l y  i n  c r o s s - s e c t i o n  o f  a 
5 two c o n t a c t  e l e c t r i c a l  connector d e v i c e  f o r  measur ing unknown 
r e s i s t a n c e s  o f  an i n i t i a t o r  device. 
FIGS. 3 and 5 a r e  schematic w i r i n g  diagrams o f  t h e  i n i t i a t o r  and 
e l e c t r i c a l  connector  dev ices o f  t h e  two c o n t a c t  t ype .  F IG .  3 
i l l h s t r a t e s  t h e  i n i t i a t o r  and t h e  e l e c t r i c a l  connector  i ndependen t l y  
1 0  o f  each o the r ,  whereas FIG. 5 shows t h e  i n i t i a t o r  and e l e c t r i c a l  
connec to r  i n  t h e  measuring and t e s t i n g  mode. 
FIG. 4 i s  s i m i l a r  t o  FIG. 2 b u t  showing a second c o n s t r u c t i o n  o f  
a two c o n t a c t  t y p e  connector w i t h o u t  i n s u l a t o r  elements t h e r e i n .  
FIGS. 6 and 8 a r e  schematic w i r i n g  diagrams o f  an i n i t i a t o r  and a 
15 f o u r  c o n t a c t  e l e c t r i c a l  connector dev ice.  I n  F IG .  6 t h e  dev ices a re  
i l l u s t r a t e d  independent ly  o f  each o t h e r  whereas i n  F I G .  8, t h e  dev ices 
a r e  shown i n  t h e  measur ing and t e s t i n g  mode. 
F I G .  7 i s  a s i m p l i f i e d  p i c t o r i a l  r e p r e s e n t a t i o n  p a r t l y  i n  
c r o s s - s e c t i o n  o f  a f o u r  con tac t  e l e c t r i c a l  connector  d e v i c e  o f  t h e  
20 p resen t  i n v e n t i o n .  
FIGS. 9 and 1 0  a r e  d e t a i l e d  v iews of t h e  f o u r  c o n t a c t  e l e c t r i c a l  
connec to r  d e v i c e  i n  FIG. 7 i n  accordance w i t h  t h e  p resen t  i n v e n t i o n .  
FIG. 10  i s  taken a long  t h e  l i n e  10-10 o f  FIG. 9. 
D e t a i l e d  D e s c r i p t i o n  o f  t h e  P r e f e r r e d  Embodiment 
25  Wi th r e f e r e n c e  t o  FIGS. 1 and 2, t h e r e  w i l l  be seen a two c o n t a c t  
connector  10 which has been used f o r  measur ing t h e  b r i d g e w i r e  
r e s i s t a n c e  o f  t h e  i n i t i a t o r  11. FIG. 1 shows t h e  d e t a i l s  o f  t h e  
i n i t a t o r  11, whereas FIG. 2 shows t h e  connector  10  and t h e  i n i t i a t o r  
11 i n  a more s i m p l i f i e d  fashion. B r i d g e w i r e  r e s i s t a n c e  i s  t aken  w i t h  
30 an I n i t i a t o r  Resis tance Measuring Equipment (IRME) which i s  a t e n  ma 
c u r r e n t  l i m i t e d  u n i t  designed spec i f i ca1 :y  t o  make measurements on t h e  
i n i t i a t o r  11. The I R M E  i s  not  s e t  f o r t h  i n  t h e  drawings i n  d e t a i l  b u t  
i s  shown i n  a r e p r e s e n t a t i v e  though s i m p l i f i e d  f a s h i o n  i n  FIG. 3 f o r  
example. I n  F IG.  3, t h e  connector 10 i s  rep resen ted  by  c o n t a c t s  1 5  
35 and 16, whereas t h e  vo l tme te r  24, t h e  power source 2 5  and t h e  Leads 30 
and 31, c o n s t i t u t e  what i s  i n tended  t o  r e p r e s e n t  t h e  I R M E .  I n  
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a c t u a l i t y ,  t h e  I R M E  i s  a much more s o p h i s t i c a t e d  assembly b u t  s i n c e  i t  
does no t  form a p a r t  o f  t h e  p r e s e n t  i n v e n t i o n  except  i n  o r d e r  t o  
understand t h e  o v e r a l l  concept, i t  has n o t  been s e t  f o r t h  i n  d e t a i l .  
As i n  F IG .  3 n o t e d  above, t h e  I R M E  i s  a l s o  so p o r t r a y e d  i n  F I G S .  5, 6, 
and 8. The r e s i s t a n c e  o f  t h e  b r i d g e w i r e  i s  o t h e r w i s e  measured b y  t h e  
I R M E  w i t h  t h e  connector  10 c o n s t i t u t i n g  t h e  l i n k  between t h e  I R M E  and 
t h e  i n i t i a t o r  11. 
I n  FIG. 1 t h e r e  w i l l  be seen t h e  e l e c t r i c a l  i n i t i a t o r  11 h a v i n g  a 
two m i l  s t a i n l e s s  s t e e l  b r i d g e w i r e  23 which c a r r i e s  c u r r e n t  between 
two I n c o n e l  p i n s  17 and 18. P ins  17  and 18 a r e  each coated w i t h  a 
l a y e r  o f  g o l d  i n  o rde r  t o  min imize c o n t a c t  r e s i s t a n c e  between t h e  
e l e c t r i c a l  connector  10 n FIG. 2 and p i n s  17 and 18 and t o  i n c r e a s e  
t h e  r e l i a b i l i t y  f a c t o r .  I n i t i a t o r  11 w i l l  a l s o  be seen t o  i n c l u d e  a 
housing 26 w i t h i n  which a re  l o c a t e d  ' t h e  i n t e r n a ' l s  o f  t h e  d e v i c e  
i n c l u d i n g  a g l a s s  sea l  28 and a spark gap 27. The p y r o t e c h n i c  rrlix i s  
shown a t  29 and i s  t y p i c a l l y  114 MgZrKC104- 
FIG.  2 shows a two c o n t a c t  connector  10  which has been used t o  
make b r i d g e w i r e  r e s i s t a n c e  measurements on t h e  i n i t i a t o r  11. 
Connector 10 w i l l  be seen t o  i n c l u d e  a s h e l l  12 w i t h i n  which a re  a 
p a i r  o f  e longa ted  bores 21 and 22. I n s u l a t o r s  32 and 33 a r e  l o c a t e d  
w i t h i n  bores 21 and 22, and the  r e a r  socket  c o n t a c t s  a re  shown a t  1 5  
and 16. Socket c o n t a c t s  15 and 16 p r o v i d e  bo th  t h e  v o l t a g e  sens ing  
c i r c u i t  and t h e  i n p u t  c u r r e n t  p a t h  for  t h e  connector  as w i l l  be seen 
i n  FIG.  3. As i l l u s t r a t e d  i n  F IGS.  3 and 5, t h e  c o n t a c t  r e s i s t a n c e  
between t h e  socket  c o n t a c t s  15 and 1 6  i s  p l a c e d  i n  s e r i e s  w i t h  t h e  
b r i d g e w i r e  r e s i s t a n c e  23. The v o l t m e t e r  24 o f  t h e  I K M E  senses t h e  
d rop  i n  v o l t a g e  across t h e  b r i d g e w i r e  23 and t h e  c o n t a c t  r e s i s t a n c e .  
The I R M E  computes t h e  b r i d g e w i r e  r e s i s t a n c e  by d i v i d i n g  t h e  t o t a l  drop 
i n  v o l t a g e  across t h e  v o l t m e t e r  l eads  30 and 3 1  b y  t h e  i n p u t  c u r r e n t  
f rom t h e  I R M E  power source 25. Example I f o l l o w i n g  i l l u s t r a t e s  how 
t h e  measurement v a r i e s  w i t h  the c o n t a c t  r e s i s t a n c e .  
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Pa ten t  
I t  has been found t h a t  repea ted  m a t i n g  o f  t h e  two c o n t a c t  
connec to r  10 w i t h  i n i t i a t o r s  11 reduces t h e  q u a l i t y  o f  t h e  f i t  between 
t h e  p i n s  1 7  and 18 and t h e  socket  c o n t a c t s  15  and 1 6  and t h e r e b y  
i n c r e a s e s  t h e  i n h e r e n t  c o n t a c t  r e s i s t a n c e .  Due t o  t h e  e f f e c t s  o f  wear 
on t h e  r e p e a t a b i l i t y  o f  measurements, a f i v e  hundred c y c l e  l i m i t  has 
been p l a c e d  on t h e  two con tac t  connector  1 0  and 35 o f  FIGS. 2 and 4. 
10 I n  o r d e r  t o  reduce t h e  number o f  e l e c t r i c a l  i n i t i a t o r s  be ing  
r e j e c t e d  because of noncompliance w i t h  t h e  0.05 ohm requ i remen t  i t  was 
found  t o  be necessary t o  min imize t h e  c o n t a c t  r e s i s t a n c e  i n  t h e  
measurement c i r c u i t .  FIGS. 6-8 show a f o u r  c o n t a c t  connector  40 which 
achieves t h i s  o b j e c t i v e .  The v o l t a g e  sens ing  c i r c u i t  19 and t h e  
15 c u r r e n t  s u p p l y  c i r c u i t  20 are  s p l i t  between t h e  f o r w a r d  socket  
c o n t a c t s  13 and 14 and the r e a r  socke t  c o n t a c t s  15 and 16, 
r e s p e c t i v e l y .  C u r r e n t  f rom power source 25 o f  t h e  I R M E  i s  s u p p l i e d  
t h r o u g h  t h e  r e a r  c o n t a c t s  15 and 16, and as t h e  c u r r e n t  f l o w s  th rough  
t h e  c o n t a c t s  15 and 16 and i n t o  p i n s  1 7  and 18 o f  t h e  i n i t i a t o r  11, 
20 c o n t a c t  r e s i s t a n c e  i s  encountered. However, w i t h  t h e  f o u r  c o n t a c t  
connec to r  des ign  o f  FIGS. 6-8, t h e  v o l t a g e  sensing leads 30 and 31 o f  
t h e  I R M E  a re  n o t  measuring t h e  drop assoc ia ted  w i t h  r e a r  socket  
c o n t a c t s  1 5  and 16. A t  t h e  p o i n t  of engagement between t h e  connector  
4 0  and i n i t i a t o r  11, t h e  c u r r e n t  i s  d i v i d e d  between t h e  v o l t a g e  
25 sensing c i r c u i t  19 and t h e  b r i d g e w i r e  23. Since  t h e  i n p u t  impedance 
34 o f  t h e  v o l t m e t e r  24 i s  two megohms, and t h e  b r i d g e w i r e  r e s i s t a n c e  
i s  1.05 ohms nominal ,  most o f  t h e  c u r r e n t  f l ows  th rough  t h e  b r i d g e w i r e  
23. Example I 1  f o l l o w i n g  shows how t h e  f o u r  c o n t a c t  connector  40 o f  
F I G S .  6-8 improves t h e  b r i d g e w i r e  measurement over  t h e  two c o n t a c t  
5 
30 connector  dev ices 10 and 35 of FIGS. 2-5. 
.. 
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Example I 1  
(2000001.1OOS2) ( .01A) I R  - 
I
000001.100Q + 1.05Q 
= 6 f O O A  
= i l . 0 5 n )  (0.01A) VI3 vB = .0105V 
IRME DERIVED RESISTANCE 
R~ = 0.0105V = 1.05G 
.01A 
D e t a i l s  o f  t h e  fou r  con tac t  connector  40 o f  F IG.  7 can be seen i n  
FIGS. 9 and 10 where l i k e  numerals have been used t o  i n d i c a t e  l i k e  
p a r t s  i n  t h e  i n t e r e s t  o f  c l a r i t y ,  and t h e  p r e v i o u s  d e s c r i p t i o n  o f  
FIGS. 6-8 i s  i n tended  t o  i n c l u d e  F I G S .  9-10 a l s o .  
15 Reference w i l l  now be made t o  t h e  f o l l o w i n g  t e s t  conducted on 
connectors ,  i n c l u d i n g  t h e  two c o n t a c t  t y p e  connector  1 0  and 35 o f  
FIGS. 2-5 as w e l l  as t h e  f o u r  c o n t a c t  t y p e  connector  40 o f  F IGS.  6-10. 
I n  t h e  r e p o r t ,  t e s t s  o f  design a long  w i t h  d u r a b i l i t y ,  r e p e a t a b i l i t y ,  
and s e n s i t i v i t y  were conducted. One hundred b r i d g e w i r e  r e s i s t a n c e s  
20 were measured w i t h  t h e  4-contact  and 2 - c o n t a c t  connector  des igns.  The 
4 - c o n t a c t  connector  showed a r e s i s t a n c e  which averaged .0055 ohms 
lower  t h a n  t h e  2 -  c o n t a c t  connector.  To determine t h e  e f f e c t  extended 
wear had upon t h e  connector, an i n i t i a t o r  was mated 1000 t i m e s  w i t h  
t h e  t e s t  connectors.  The value o f  b r i d g e w i r e  measurements taken  w i t h  
25 t h e  u n i t s  on t h r e e  i n i t i a t o r s  b e f o r e  and a f t e r  t h e  engagements d i d  n o t  
va ry .  One f i n a l  t e s t  o f  t h e  connector  was t o  compare c o n t a c t  
r e s i s t a n c e  s e n s i t i v i t y .  The g o l d  p l a t i n g  was sandblasted f rom t h e  
p i n s .  B r i d g e w i r e  measurements were t a k e n  w i t h  b o t h  connectors  b e f o r e  
and a f t e r  s a n d b l a s t i n g  and the measurements d i d  n o t  va ry  f o r  t h e  f o u r  
c o n t a c t  design, b u t  increased 0.025 ohms f o r  t h e  2 -con tac t  des ign.  30 
Tes t  Reoor t  
" C u r r e n t l y ,  t h e  I R M E  ( I n i t i a t o r  Resis tance Measurement Equipment) 
uses a two-w i re  ( two  p o i n t s  of p i n  c o n t a c t )  connector  t o  mate w i t h  t h e  
N S I  (NASA Standard I n i t i a t o r ) .  T h i s  connector  i s  w i red  such t h a t  p i n -  
35 to-connector  c o n t a c t  r e s i s t a n c e  i s  i n c l u d e d  w i t h  b r i d g e w i r e  r e s i s t a n c e  
measurement. The s e n s i t i v i t y  t o  c o n t a c t  r e s i s t a n c e  can a l t e r  d a t a  and 
r e q u i r e s  t h e  d i s p o s a l  o f  connectors a f t e r  500 c y c l e s  o f  mate/demate 
P a t e n t  
a 
w i t h  N S I ' s .  To e l i m i n a t e  t h i s  problem, a f o u r - w i r e  ( f o u r  p o i n t s  o f  
p i n  c o n t a c t )  connector  was designed and t e s t e d .  T h e o r e t i c a l l y ,  t h e  
f o u r - w i r e  connector  i s  complete ly  i n s e n s i t i v e  t o  c o n t a c t  r e s i s t a n c e .  
T e s t s  o f  mechanical  d u r a b i l i t y ,  measurement r e p e a t a b i l i t y ,  and 
5 c o n t a c t  r e s i s t a n c e  s e n s i t i v i t y  were conducted on two f o u r - w i r e  
connectors .  Mechanical d u r a b i l  i t y  compared measurements o f  3 i n e r t  
NSI's b e f o r e  and a f t e r  1000 mate/demates o f  each connector  w i t h  an 
i n e r t  N S I .  Measurement r e p e a t a b i l i t y  was t e s t e d  by  measur ing 100 l i v e  
NSI's w i t h  each t e s t  connector. T h i s  d a t a  was then  compared t o  
10 measurements o f  t h e  same NSI's w i t h  a new two-w i re  connector .  
F i n a l l y ,  c o n t a c t  r e s i s t a n c e  s e n s i t i v i t y  was i n d i c a t e d  b y  comparing 
measurements b e f o r e  and a f t e r  s a n d b l a s t i n g  o f  t h e  p i n s  o f  t h e  i n e r t  
NSI. 
The d u r a b i l i t y  e v a l u a t i o n  y i e l d e d  p o s i t i v e  r e s u l t s .  The average 
1 5  d i f f e r e n c e  o f  measurements before and a f t e r  1000 mate/demates was zero 
f o r  each o f  t h e  2 t e s t  connectors. 
The average d i f f e r e n c e  o f  measurements made by  t h e  2 t e s t  connec- 
t o r s  on 100 l i v e  N S I ' s  was a p p r o j i m a t e l y  0.001 ohm. Probable causes 
o f  t h i s  sma l l  d i f f e r e n c e  i n c l u d e  I R M E  c a l i b r a t i o n  l i m i t s  and normal 
20 d r i f t .  The average d i f f e r e n c e  of t h e  two-w i re  and t e s t  connector  
measurements was 0.0055 ohm. 
The f o u r - w i r e  connectors  acted i n s e n s i t i v e  t o  t h e  c o n t a c t  r e s i s -  
t a n c e  induced b y  sandb las t i ng  of N S I  p i n s .  Average measurement 
d i f f e r e n c e s  f o r  t h e  t e s t  connectors ( b e f o r e  and a f t e r  s a n d b l a s t i n g )  
25 were 0.000 and -0.001 ohm. I n  comparison, t h e  two-w i re  connector  
d i f f e r e n c e  was 0.025 ohm. 
The r e s u l t s  o f  t h e  Four-Wire Connector T e s t s  i n d i c a t e  t h a t  t h e  
f o u r - w i r e  connector  w i l l  y i e l d  more accu ra te  r e s u l t s  by e l i m i n a t i n g  
c o n t a c t  r e s i s t a n c e  and w i l l  a l so  l a s t  l o n g e r  i n  t h e  f i e l d  than  t h e  
The f e a t u r e s  o f  t h e  4 -con tac t  connector  as i n d i c a t e d  i n  t h e  
fo rego ing  t e s t  r e p o r t  make i t  unique f o r  uses which r e q u i r e  repea ted  
r e s i s t a n c e  measurements on two p i n  i n i t i a t o r  dev ices.  S p e c i f i c  
a p p l i c a t i o n s  t h u s  i n c l u d e  manufactur ing an,d t e s t  f a c i l i t i e s  where 
35 l a r g e  numbers o f  measurements a re  r e q u i r e d .  I n c o r p o r a t i o n  o f  t h e  
4 -con tac t  connector  i n t o  i n s t r u m e n t a t i o n  a l s o  reduces t h e  e f f e c t  o f  
c o n t a c t  r e s i s t a n c e  on measurements and inc reases  s e r v i c e  1 i f e  o f  t h e  
connector .  
30 c u r r e n t  two-p in  connectors. ' '  
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The 4 -con tac t  connector  o f  t h e  p r e s e n t  i n v e n t i o n  reduces t h e  
e f f e c t s  o f  c o n t a c t  r e s i s t a n c e  on b r i d g e w i r e  measurements where 
v a r i a t i o n s  i n  t h e  r e s i s t a n c e  v a l u e  on a g i v e n  i n i t i a t o r  a re  n o t  
p e r m i t t e d  t o  v a r y  more t h a n  0.05 ohms f r o m  measurement t o  measurement. 
5 Reduct ion o f  c o n t a c t  r e s i s t a n c e  s e n s i t i v i t y  has t h e r e f o r e  r e s u l t e d  i n  
t h e  e l i m i n a t i o n  o f  t h e  500 c y c l e  l i m i t  on t h e  connector .  Some u n i t s  
have demonstrated a connector  l i f e  o f  g r e a t e r  t h a n  7000 c y c l e s .  
Opera t i on  
O p e r a t i o n  o f  t h e  connector i n  a f o u r - t e r m i n a l  r e s i s t a n c e  system 
10 can be seen i n  FIG. 10 f o r  example. The connector  40 c o n s i s t s  o f  f o u r  
e l e c t r i c a l l y  independent female sockets .  Sockets A and B p r o v i d e  
c o n t a c t  w i t h  t h e  male p i n s  o f  t h e  i n i t i a t o r  d e v i c e  t o  s u p p l y  t h e  
r e s i s t a n c e  measur ing c u r r e n t .  Sockets C and D p r o v i d e  c o n t a c t  t o  
p i c k u p  t h e  r e s i s t a n c e  measuring v o l t a g e .  As can be seen i n  F I G .  8, 
1 5  t h e  v o l t a g e  and c u r r e n t  c i r c u i t s  19 and 20 a re  separate and 
independent f rom each o t h e r .  Vo l tage  drop c r e a t e d  b y  t h e  measur ing 
c u r r e n t  f l o w i n g  th rough  con tac t  r e s i s t a n c e  a t  p o i n t s  A and 3 has no 
e f f e c t  on t h e  measur ing vo:tage because it i s  measured independen t l y  
a t  p o i n t s  C and D. The va ry ing  c o n t a c t  r e s i s t a n c e s  a t  p o i n t s  A and B 
20 have no e f f e c t  on t h e  r e s i s t a n c e  measur ing c u r r e n t  because t h e  
c o n s t a n t  c u r r e n t  power supp ly  25  o f  t h e  I R M E  i s  a b l e  t o  compensate b y  
a u t o m a t i c a l l y  a d j u s t i n g  t h e  v o l t a g e  t o  keep t h e  c u r r e n t  c o n s t a n t .  
V o l t a g e  drop a t  p o i n t s  C and D i s  i n s i g n i f i c a n t  because connector  
c o n t a c t  r e s i s t a n c e s  va ry  i n  t e n t h s  o f  ohms, w h i l e  t h e  v o l t a g e  
25 measur ing d e v i c e  24 o f  t h e  I R M E  t y p i c a l l y  has a r e s i s t a n c e  o f  s e v e r a l  
m i l l i o n  ohms. T h i s  r e s u l t s  i n  a v e r y  snial l  c u r r e n t  f l o w i n g  i n  t h e  
v o l t a g e  measuring c i r c u i t  19. T h i s  sma l l  c u r r e n t  and smal l  connector  
c o n t a c t  r e s i s t a n c e  produces i n s i g n i f i c a n t  v o l t a g e  when compared t o  t h e  
v o l t a g e  drop caused by t h e  c u r r e n t  across t h e  v o l t a g e  measur ing d e v i c e  
The t o t a l  e f f e c t  i s  t o  c o n t r o l  t h e  c o n t r i b u t i o n  t h a t  c o n t a c t  
r e s i s t a n c e  a t  p o i n t s  A, B ,  C, and D, has upon t h e  measurement made on 
t h e  unknown r e s i s t a n c e .  
There can be va r ious  c o n f i g u r a t i o n s  o f  t h e  connector  d e v i c e  as 
35  r e q u i r e d  t o  mate w i t h  t h e  d i f f e r e n t  t y p e s  o f  p i n s  t h a t  may e x i s t  on 
t h e  dev i ces  t o  be measured. Thus, t h e  c o n f i g u r a t i o n  of t h e  p i n s  c o u l d  
be  changed o r  rea r ranged  as r e q u i r e d  t o  improve ease o f  manufactur ing 
30 i n p u t  r e s i s t a n c e .  
Patent  
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o r  p r o d u c t i o n  cos ts .  However, t h e  main f e a t u r e  o f  t h i s  i n v e n t i o n  i s  
t o  p r o v i d e  separa te  c i r c u i t s  i n  t h e  t e s t  connector  f o r  t h e  t e s t  
c u r r e n t  and v o l t a g e  whatever the c o n f i g u r a t i o n  o f  t h e  p i n s .  
T h i s  i n v e n t i o n  has t h e  advantage o f  e l i m i n a t i n g  t h e  e f f e c t s  t e s t  
5 connectors  have on r e s i s t a n c e  measurements. As a consequence, p r e c i s e  
and accu ra te  measurements o f  r e s i s t a n c e s  a r e  p o s s i b l e  f o r  c r i t i c a l  
components. Unnecessary r e j e c t i o n  o f  acceptab le  hardware i s  a1 so 
avoided. A d d i t i o n a l l y ,  ex t remely  smal l  v a r i a t i o n s  i n  r e s i s t a n c e  
w i t h i n  a d e v i c e  over  t i m e  can be mon i to red  and a p p r o p r i a t e  a c t i o n s  
10 taken.  T h i s  aspect i s  e s p e c i a l l y  s i g n i f i c a n t  as i t  r e l a t e s  t o  t h e  
e v a l u a t i o n  and a n a l y s i s  of l ong  te rm ag ing  e f f e c t s  f o r  c r i t i c a l  
components. 
The improved f e a t u r e  i n  t h e  i n s t a n t  connector  i s  t h a t  separa te  
e l e c t r i c a l  c o n t a c t s  a re  p rov ided f o r  t h e  c u r r e n t  and v o l t a g e  c i r c u i t s  
Whi le  a s i n g l e  embodiment o f  t h e  i n v e n t i o n  has been descr ibed,  
v a r i a t i o n s  t h e r e o f  can be made w i t h o u t  d e p a r t i n g  f rom t h e  t e a c h i n g  o f  
t h e  i n v e n t i o n .  There fo re  i t  i s  i n tended  t h a t  t h e  scope o f  t h e  
i n v e n t i o n  be l i m i t e d  o n l y  b y  t h e  c la ims  wh ich  f o l l o w .  
15 o f  f o u r - t e r m i n a l  r e s i s t a n c e  measuring dev ices.  
Paten t  
A b s t r a c t  
A f o u r - t e r m i n a l  e l e c t r i c a l  connector  d e v i c e  (40) f o r  t e s t i n g  and 
measur ing unknown r e s i s t a n c e s  o f  i n i t i a t o r s  (11) used f o r  s t a r t i n g  
p y r o t e c h n i c  events  aboard t h e  Space S h u t t l e .  The t e s t i n g  d e v i c e  
5 m in im izes  c o n t a c t  r e s i s t a n c e  degradat ion e f f e c t s  and so improves t h e  
r e l i a b i l i t y  o f  r e s i s t a n c e  measurements t a k e n  w i t h  t h e  dev i ce .  
Separate and independent vo l tage  sens ing  (19) and c u r r e n t  s u p p l y  (20)  
c i r c u i t s  each i n c l u d e  a p a i r  o f  socket  c o n t a c t s  (13-16) f o r  m a t i n g  
engagement w i t h  t h e  p i n s  (17,18) o f  t h e  i n i t i a t o r .  The unknown 
10 r e s i s t a n c e  t h a t  i s  measured by t h e  d e v i c e  i s  t h e  r e s i s t a n c e  o f  t h e  
b r i d g e w i r e  (23 )  o f  t h e  i n i t i a t o r  which i s  r e q u i r e d  t o  be between 0.95 
and 1.15 ohms. 
